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THE HENRY SOLITHER ENGINEERING CO
HARTFORO ., CONN

Ob Jective

¥ A

Phase TII, which 1s covered in this report, was to
carry out the detalled rusearch and test program
developed in Phase I, using egulpment developed and
standardized in Phase 17,
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THE HENRY SOUTHER ENGINEERING CO
HARTEQRD, COMN

Summary

Twenty-fow eparate tests were carrled oﬁt‘in accorde
ance with data outlined in Phase T as follows?

Test No., 1 was conducted to determine the rate of cor-
rosion ol steel panels in various locations in the
salt spray cablnet.

Test No. 2 was a repeat tert on the corrodibllity at
varlous locations.

Test No. 3 was made to determine sthé effect of nozzle
pressure on the rate of corroslon.

>

Tost Noe. 4 was made to dqturmlna the rate of fog col-
Tectlon at various loc¢atlons in the salt spray cabinet.

-
Test No. B was made at 05°F, 205 sodium chloride solution,

uBlng steel panels only, to determine tne effect of test
location.

Test No., 6 was a 200-hour salt spray test run under the
following conditions: 204 sodium chloride solution,
pH 7.0, temperature 100°F.

Test No., 7 was run under the following conditions:
0% sodium chloride solution, pH 7.0, temperature 95°F,

Test No. 8 was run under the following conditions:
Z0% sodlum chloride solution, pH 7.0, temperature 7O°F.

Test No, 9 was run under the followihg conditions:
sodlum chloride solution, pH 7.0, temperature S90°F.

Test No. 10 was run under the followlng conditlons:
sodIum ohloride solution, pH 7.0, temperature 95°F,

Test No. 11 was run under the followlng conditionst
B¥ sodlum chloride solution, pE 7.0, temperaturs 95°F.

Test No. 12 was run under the following conditions:
sodlum chloride solution, pH 7.", temperature 7O°F,

aat No. 13 was run wmnder the following conditions:
EU% scdilum chloride aolution, pH 6.7, temperature 95°p.

Test No. 14 was run under the following conditions:
20% sodlum chloride solution, pH 8.0, temperature 95°F,
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THE HMENRY SOUTHER ENGINEERING CO
HARTEORD, CONN

Summary Lont'd

,
Test Nos, 15 was run under the followiny conditiona:
sSuDsti tute ocean water, pH 8.2, temperaturs 95°F.

Test No. 16 was run under the following con@itiona:
20r sodlum chloride solutlon containing 0.1Y sodium
1odide, pH 7.0, temperature 95°F,

Test Noe. 17 was run under the foliowing conditions:

20C sodlum chloride solution, pH 7.0, temperature 95°F,
with the particla size of the foc reduced from 0.5 mlcron
(used in all other tests) to 0.1 micron.

Test No., 18 was run under tlie following conditions:
istilled water, pif 7.0, temperature 95°F,

Test No, 19 was a repeat test using 20% sodium chloride
solution, rH 7.0, terpamture 95°F,

a

¥

Test Xo., 20 was made to detaermine the aeffect of rcorrodi-
v ¥ varylng the angle of tho specimens tecsted.

Test lNo. 21 was made to letermine the effect of lowering
the surface tenslon of the 263 sodlum chloride solution
by the addition of C.1;: &srosol OT when run at pH 7.0
and 25°F.

Test No. 22 was an outdoor exposure test conducted on
Torng 1sland Sound wlthin 150 feet of high water.

Test No, 25 was an outdoor exposurs test conducted on the
roof of the laboratory bullding.

Test No, 24 was a hum!dity cabinet test, using a relative
Rumidity of 955 at 100°F.

: A statistical study has been made »f the results obtalned
and 18 given in the Appendix of each test.
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TeST NO. 1
0
Oblect

The object of this test is to compare the corrosion
rate of test speclmens at the various locations wlithin the
salt spray cablnet,

Summary

Taets have been conducted to determins if steel
panels wlll corrode at a more rapid rate due io thelr partic-
ular location in the salt spmy test cabinet, Thls 1s s
necessary preliminary step before the rate of corrosion of
different metals can be measured with sufflcient accuracy.

Introduction

The purpose of this phase of the investigatlon was
to locate any 'hot-spots” in the salt spray caoinet. "Hot-spots”
in tnis case designate tnose areas where, due to thelr relative
loeation iIn the cabinet with respect to the atomlzer or for
any other reason, panelsa of llke matLerial will corrods more
rapldly than panels 1n arnother lozatlon.

Procedure

Thirty-six low-carbon, steel panels, measuring
9" x 3" were abraded on both sides using 240 grit cloth and
an osclillating electric sander. The panels were numbered con-
socutively with stamped numerals and were cleaned in acetone,
followed by A-1 cleaner solution at 160°F and a hot water
rinse. The panels were then free from "water break.” After
drying in a forced alr oven at 110°C, they were desiccated
over calcium chloride, cooled to room temperature and welghed
t> the nearest tenth of a milligram. Kach panel was placed
in an individual paraffined wcoden rack so slotted aa to
incline the panels at approximately 15° from the vertical.
These holders and panels were arranged on a .arge wooden rack
in the salt spray cablnet in nine rows of four each according
to a previoualy determined random distrioution of 36, All
wood parts had been previously coated with paraffin.

The atomlzing nozzle was directed away from the
panels and against the side wall of the box so that any spray
falling on the panels nsd been previously reflected from the
wall. This was done to provide a more even distribution of
fog in the cabinet. Distilled water was used to generate the
fog,and the temperature of the box was maintained at 95°F.

A summary of the additional operating conditions is shown in
Appendix A. After perlods of 24 hours, corresponding to the
lst, 2nd, 3rd, 4th, 5th and 8th day, the panels wers removed




from the box and were scrubbed thoroughly under running water
with a stiff nylon hand brush. The panels were then dried at
100°C, desiccated and weighed as before. The individual
wolghts and times of exnosure are also snown in Appendix A.
The position of trne individual panels in the box ic shown in
Appendix B. From the data compliled, the average welgnt loss,
the standard deviatlon and the control limits were computed,
and also appear in Appendix A,

A grouped frequency distribution chart, a control
line chart, a plot showing the amount of corroslon with ree
spect tc position in-'the box and & graph correlating tne per-
centage of tne total amuwmnt corroded with the day, were also
constructed and are shown in Appendix C.

Discussion

The grouped frequency distribution chart in Appendix
C Indicates that the valiues of the individual welght losses
group themselves around the average in a normal manner and

in accordance with the conventional "bell-suaped"” distribution
cur ve .

The control chart method of anaslysis provides a
criterion for detecting lack of statistical control of quality
and 13 used for determining when observed variations in quality
are greater than should be left to chtunce. The control limits
used are plus ana mlnue -hres times tne atandard deviation as
suggested by the ASTM as a criterion for act?on to look for
assignable curves of variation. This chart shows that the
results gererally fall within the control limits and are fairly
everly distributed between them. Since, hcwaver, certaln
values are outside the limits, 1t 1s indicsted that there 1s

a varlatlon in results that cannot be attributed solely to
chanca. .

The plot deplicting the amount of corrosion (weight
loss) with reapect to the position in the salt spray cabinet
shows that there is a tendency toward a greater amount of cor-
rosion in the side of the box nearer the exhaust and a smaller
amount of corroslon nearer the nozzle and along the front of
the box. It 1s interesting to note thati the two panels show~
ing the least amount of corrvsion were tnose on the two
corners nearest the nozzle.

The graph correlating the percentage of the total
amount corroded with the day shows that the corrosion rate
was not constant but rose gradually to a maximum on the tnird
day and then decreased to a minlmum on the eighth day.




Conclusions

There i1s a definite gradation of the rate of corro-
slon with the greatest amount of corroslicn occurring in those
areas farthest removed from the nozzle and tne plate glass
window in the front of the csavinet.

Note: The A-1 cleanar mentioned above 1is made in accordance
with Springfield Armory Tentative Laboratory Specification
L5«5, dated March 23, 1950. The sugpgested composlition of
tnis alkall cleaner 1s as follows:

Sodium Carbonate, Soda Ash, Anhydrous 32.8%
Fed. Spec. 0-S=571

Trisodium Phosphate, Tech. 47 .24
Fed. Specs 0=-5-671

Non Ionic Surface Active Agent 5.42%

Anlonic Surface Active Agent 14.8%
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Oblect

The object of this test 1s to compare the corrosion
rate of test speclimens at the various locations within the
salt spray cablnet. -

Summarz

Test No. 2 18 a repeat oy {un #1 and was for the
purpose of checking the results obtained 1u Run #l. The
operating conditions snd procedures followed were the same as
those of Run #1 with the following changes:

le The panefs were observed on the lst, 2nd,
3rd, 7th and 8th days.
.

2+ The average alr pressure was lower than in
Run #1.

Discussicn

The group frequency distribution for Test No. 2
shows a much greater spread in the range of welght losses and,
although the distribution is more irregular than in Run #1,
the terndency toward an sven dlstribution around the average
value persiste.

Due to the larger range of values, the standard
deviation and consequently the control limits are larger, and
all of the values fall within these limlits,

The plot deplcting the amount of corrosion (welght
loss) with respect to the position in the salt spray cabinet
shows approximately the same distribution pattern as was prew-
viously obtained.

The chart correlating the amount of corrosion with
the day shows a maximum weight loss on the second day as com-
pared with a maximum on the third day, obtained in Run #l.

Conclusion a

¢ The results obtained in this teat fall into the
gencral pattern of those obtalned in Run #1. The same uneven-
ness in the rate of corrosion exlsts and the greatest weight
losses occurred in the game section of the boxe.
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TLEEST NO. 3

Object

The object of this test 1s to compare the corrosion
rate of test specimens at the varlous locations within the
salt spray cablnet,

Summary

Test No. 3 represents an effort to determlne the
effect of a lower atomizing nozzle pressure on the rate of
corrosion in the salt spray cabinet.

Introduction

The nozzle pressure directly controls the rate af
which the solution is atomlzed and, tnerefore, should bg an
important determining factor on the rate of corrosion. Lower-
ing the pressure should make a change in the rate of corrosion
and possibly in the pattern of the distribution of the rate
of the corrosion within the boxe

Frocedure

The procedure was the same as previously obtalined
except that the nozzle pressure was lowered to a value be-
tween 4 and 6.5 psl. The panels were observed on the lst,
4th, 6th, 6th, 7th and fth days.,

Discusslion

The grouped frequency distribution for Run #3 shows
a closer grouping of values than was obtained in Run #2 and
differs from Runs #1 and #2 in that 1t shows a definite skew-
ness that had not been ocserved before.

The control line chart shows a smaller overall varia-
tion 1n valuss and an average that 1s lower than those pre-
viously obtalned,

The welght loss dlstribution presents an entirely
different -pattern than those octained in Runs #1 and #2. The
areas of maximum corrosion do not seem to group themselves
in any particular section of the box although the general
area of the maximum corrosion rate is the middle .third of the

test aroa. The maximum weight losas occurred on the first
day.

Conclugsions

Lowsring the air pressure has a definite effect on
the corrosion rate, and 1ts correlation with the fog distri-
bution pattern should be investigated.
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FEE A

EST NO. 4
FNG DENSITY OBSLRVATIONS

Object

The objJect of this test is to determine the uni-
formity of fog densltles at the varlous locations wlthin the
salt spray cabinet, the relationship between thess fog
densities and the rates of corrosion of the specimens, and
to attempt an improvement in fog distribution.

Summary

Tests have been conducted to determine the rate
of fog collection at the varlous locations within the aalt
spray cablnet and compared with the corrosion rates of the
steel panels used in Teats Nos. 1, 2 and 3, and varlations
made in positions of the nozgle to attempt an improvement 1n
fog distriuvution.

Introduction

[N

The purpose of thlas phase of the investigation is
to determine the relationship of the fog densities at various
locations within ths salt spray cablnet to the welght losses
of the steel panels used in Tasts Nos. 1, 2 and 3.

Procedurs

Run 1 - Thirty-six, 600-milliliter beakers, whlch
had previously been cleaned and dried, and weighed, were
placed on a large wooden paraffined rack in the salt spray
cabinet in the positione previously occupied by the steel
specimens. The atomizing noztle was directed away from the
panels and againat an end wall of the box so that any spray
falling into the beakers had been reflected from the wall.
Thias was to provide a more even distribution of the fog in
the cabinet and to duplicate the conditiona of Test No, 1.
Tap water waas used to generate the fog, and the temperature
was maintained at 95°F, The air pressure was the same as
that in Test No. 1. At the end of 23+4 hours, the beakers
were removed from the cabinet, drled on the outside and
welghed to the nearest tenth of a gram. From the data com-
plled, the percentages of fog collectlons were computed and
appear in Appendix A, while plots of the densities appear in
Appendix E.

Run 2 - A repeat run on the above was performed,
end these results also appear in Appendixes A and B.

i e e o b et oot i b e e
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Run 3 - In an attempt to provide a more even dis-
tribution of Tog, the beakers were placed in the cablinet as
before and two nozzles, arranged at equal distances from
elther end of the cablnet, directed the sprays at the end
walls., The temperature was maintalned at 95°F, and the
pressure the same as before. At the end of 23.4 hours, the
beakers were removed and welghed as before. From the data
compiled, the percentages of fog collections were computed
and appear in Appendix A. -

Run 4 - A repeat of Run 3 was performed, and these
results also appear in Appendixes A and B.

Run 5 - Agaln attempting to obtaln a more even
distribution of fog, the rack in the salt spray cabinet was
ralsed 24 inches from the bottom of the cabinet and the
beakers placed as before. A slngle nozzle was placed in the
center pointing vertically downward, with the spray directed
at 2 low cone-~shaped glass plece 14 inches In diameter for
the purpose of directing the spray up and around the rack
above the nozzle. At the and of aix hours, the beakers were
removed and welighed as before. The resuits appear in
Aprendixes A and b.

Run 6 -~ For this tast, forty 600-milliliter Ubesakers
were used, The wooden rack was removed from the cabinet and
the beakers were placed in two groups of twenty (four rows of
five boakers) at either end of the box. The noszzle was set
1n the center of the box with the spray directed vertically
downward into a l4-inch circular section battery jar. At
the end of slx hours, the beakers were romoved and drled, and
welghed, as before. The results of this run appesr in
Appendixes A and B. :

Run 7 - This run was a repeat of Run 6, except that
the cover was ralsed ohe lnoch. The results of this run ap-
pesr in Appendlixes A and B.

Run 8 - This run was performed in the same manner
as Run 1, except for 40 hours duration, with all the conditions
similar with the exception of the alr pressure which was
lowered to 5 1lbs. per square inch. The results of this
run appear in Appendixes A and B.

Run 8 - This run was performed in a commercisl salt
spray cabinet manufactured by the Industrial Fllter and Pump
Manufacturing Co. (Serial 51540, Type CA1l, 3&7-1/2 inches
long, 24-1/2 inches wide and 48 inches from the bottom of the
box to the apex). Thirty-five 600-millilicer beakers were
placed on a wooden rack in the bLox at the level of the trough,

s ser = ..-_..‘a_.;_w A . - e v o oy it =




and the box run for sight hours. The beakers were then
removed from the box and welghed. The results appear in
Appendixes A and B.

Run 10 - This was a repeat on Run 8, with the
exception of the number of beakers used which was forty.
The run was for a perlod of 48 hours at which time the
peakers were removed and weighed. The results appear in
Appendixes A and B.

Discussion and Conclusions

bExaminatlon of the data and charts covering
these runs shows that only slight gains are made 1n the
uniformity of distribution of fog by changling nozzle posi-
tions. The fog distribution Is apparently closely tled up
vith the position of ths nozzle in relation to the outlet
rather than the nozzle alone. :

Good correlation of the test 1s apparent by the
distribution of fog rnoted in Runs 1 and 2. Comparlison of
these results with the fo. distribution at lower pressure,
ag shown in Run 8, shows that the rate of travel of the
fog across the cabinet vears some relatlon with the fog
distribution.

Comparison of the corrosion rates of Tests Nos.
1, 2 and 3 with the fog densities of Runs 1, 2 and 8 shows
that the corrosion rate varies inversely with the fog
density. A more Important relationshlp will te developed
when these results are comparsd wlih runs using salt spray.
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Wunber of Healer

WO W -3 n # AN s

solution
Conpoeitton

Dry Bulb
T.Npo(o Fe )

Wet Hulb
Tmp.(o F.)

Relative
Humidity

Farticle Size
{(nicrons)

lse Cullected

o Cr

2.
Ce
1209
24.1
2l.4
21.7
30,3
Cob
19.4
1C,.3
10,3
14.73
14,2
1.3
31,3
20,1
9.10
13.6
11.4
] &2
13.3
1C.6
32.1
13,0
9430
21.6
L0
13,9
4.40
17.1
12.5
14,0
2042

1145

o

CONUITTONS OF IECT

Diste. 32)
99°

99°

100%

3

a./ hr. %
137 3F.9
1.32 92.7
«350 8347
1.03 68 o3
«378 5903
«330 6042
132 31.3
« 710 42.3
« 700 3145
.‘360 22 00
«450 21.1
«620 330
€10 34.1
€80 39.2
V37 9162
+860 5
«330 1€.3
«340 52.3
490 24.4
.6°0 37.4
+850 4.5
«4350 21.3
1.42 130.,0
260 30.1
«420 18.7
1423 8445
370 14.4
«330 53e7
«130 0
«880 39.8
«730 43.9
Q‘ﬂo 28.5
=600 333
«860 6543
+ 570 3049
« 510 2640

Rate of Settling
{rm,/cec.) Av.

.

Air Pres:yre
(1v8./10.%)

Air Temperalure
(°r.)

Rate_of Flow
(ft-s/?in.)

pl of Solution
and Fog

2 x 1074
18
95
.15

6.0




Humber of Beaver

W3 AN -

Solution
Conpasition

Dry 3uln
f.?."[w(o Fo)

Yet RBulb
Tmnp.(° Ft)

Relative
Humidity

Particle size
(nicrons)

DATA w TEsT % 4 nmign 171

Mls. Collected

21.9
17.4
13.7
21.6
12.2
20.4
2142
11.2
16,8
8,10
8o')0
3.30
7470
8 4%0
2340
19. 5
g.zO
14,3
13.6
15.9
18.3
10,8
13.6
13.5
3.30
2146
B o0
20.4
3430
17,9
12.3
11,1
13,2
15.3
B.70
7«80

COMDIRTONS OF piny

iet, Hzo
99°
93°

10074

o3

*‘la./ nre J—":
1.00 100,0
« 3180 36.1
« 300 87.3
+380 8.4
« 350 4r.1
« 330 91.5
« 360 9641
« 510 40.6
« 730 70.6
30 23.2
.400 2748
420 30,0
«350 - 2140
«300 27.2
«210 9,5
«370 23.9
«330 8S.4
«520 Be7
1720 6"‘.3
«330 Fed
«430 37.8
«850 51.7
+620 537
380 24.4
«J30 3746
«400 2648
«330 21.5
+180 0
«310 7648
« H60 46.3
« 300 39.0
«600 8142
« 00 63.4
<400 26.8
«320 20,7

Rate of Settling 2 x 10-4

(™./s00,) Av,

Air Pressuge 15
( 1bs./1n.%)

thesof Mow «15
(ft- /".ino)

Air Temperaturs 95°
(°F,)

Pl of Solution 6.0
and fog




fumber 5f ‘ealer

&G~ LD s G DN

Solutinn
Composivion

Dry Bulb
Tenps(°® F.)

ot 8u3b
fnp.( F.)

Relative
Humidity

Particle Size
(miorons)

DATA ON (R T " &4, ®W 11T

¥lg. Collected

8,30
7480
'{OO
4430
Ae 0
1.20
6,10
1.80
«400
2.40
1.60
1.50 hd
3.20
4.00
13.0
<300
1.20
1.30
120
« 700
4440
1.10
5480
« 300
1.60
£630
1.10
3010
300
1.50
2.70
» 500
+800
4.40
1,00
2.60

CONDITTONS OF TrET

Dist. KzO

99°

99°

100%

o3

5:118./ hr.

.‘5 "g
334
030
226
,248
2081
«271
.068
<017
+102
.068
096
«137
<171
«556
034
.051
+056
061
<0373
.188
.047
«410
.038
.068
235
047
<132
«034
064
«115
021
+034
«188
«043
.111

%

62,7
58.7
2.40
38.9
42.3
6.35
45.2
9.50

13.9
9.50
710
22.2
2.6

100.0

3,20
630
7+10
6.30
4.00
3147
5450
73.0
G50
40.5
5460
214
3.20
3.70
15.3
«S00
3420
317
4.30
1745

A Hate of lettling

(mme/sec.)

Alr frcsagro
(1bs./in.%)

Air Temperature
(° r.)

Rate of low
(r6.° /~ins)

p of Solution
and Fog ;

-4
2 x 10

15

«15

640




liumber of 3eater

N R XL

[

{olution
Caomposition

Dry auab
Tenp.(" F,)

flet Bulb
Temp.(° Fa )

Relstive
Humidivy

Particle Size
(microns)

LA Ji reoT # 4, RUn TV

18 o Coll'cted

7450
4,20
230
" «40
%.20
2030
1.%0
2«40
1.60
7.20
2420
2.40
1470
3430
2.50
2420
2.!‘0
1.80
1.50
7470
’2.40
3.90
3.30
1440
1.40
<700
3.10
1.60
1,40
1.40
<600
1,20
1.60
2400
«400

CONLITY o OF LEIT

Dist. Hy0
99°

99°

100%

-3

L‘,lg./ hr.

i o i

1.25
« 700
«383
« 900
. 333
« 383
« 700
270
«400
o287
«363
«368
«400
250
«583
«383
363
1450
«300
250
+450
400
+ 6350
+ 550
«233
«233
117
«517
«267
+233
.233
«100
+200
267

333
<087

Bate of Settling
(mm. /eec.)

Ay ¥resa
(1be./in.

Alr Tempera.ure
(° r.)

Ruteanf Fiow

(re.

pd of Solution
and Fog

B

100.0
5345
40.8
70.4
39.4
26,7
3.5
15.4
28,1
16,9
2543
25.3
28,1
15.4
43.8
2647
25.3
32.8
13.7
15.4
32.3
28,1
49,2
40.8
14,0
14,0
4,20
38,40
16.9
14.0
14.0
2.80
11.3
16.9
225

2 x 1074

95
15

6.0




H

DATA o4 tBec B 4, o v

Numnber of ieaker ¥ise Collacted *1g8./ hr, 4
1 4.30 « 716 9.37
2 4.}'0 -,% 1:‘6
3 -5z T
4 z. ;6 L] = -
5 3,70 .817 o
P 5,30 .335 25.0
7 5430 «315 25.0
8
9 5% (4] N:L) 2.9
10 4.0 «584 Ge25
11 6,20 1,03 33.1
12 68,10 102 3745
12 1] »968 32.8
12 6.00 1.00 36.0
15 8470 1.00 3€.0
156 5,90 1.14 43.4
1 ?.!0 1-19 %5.1
13 8,30 Yel5 50,0
19 7.0 130 64,1
20 ”.]Q 1-19 53.]
21 10.1 1.68 100.0
2 3430 1447 7948
24 7.40 1423 579
25 7490 1432 5546
26 f}.t‘@ l‘se 9008
27 3¢ 70 1045 78.1
28 .00 1432 68,1
29 A.40 1.07 42.1
30 7420 1,20 4,8
31 1,30 1.38 719
32 7420 1.4 86.0
33 7.40 1,23 578
X4 8,20 lal4 48 «4
35 640 1,07 42,3
36 §.30 1e15 50,0
37 8,80 l1.14 48,4
38 f470 1.15 5040
39 €440 1.07 42,3
40 5,30 «2B5 23,0

COHLILT 0!8 OF PrST

Solution Dist. i4,0 Rate of Settling 2 x 10°%

Compoaition (m=. /sec.)

Dry Bulb 99° Alr Pressyre 15

Tenp.(°F.) (1084 /in.“)

]

Wet B:1b 99 Air Temperature 95°

Tmp-(a Po) (% ?.) pe

Relative Humidity 100% Rutss;f Flow 15
. . (Pb. .ino)

Particle Size .3 pif of folution 6.0

(mtcrons) and Fog




Nurber of Jes':sr

19

23

253
b )
b5

27
28
29
30
32
33
34
35
36
37
38
33
4Q

3olution
Composition

Dry dulb

T.mp- (o Fa)

Wat B.1b
Tﬂ'ﬂpc(:)?.)
Relative Humidity
Farticle :ize
{nicrone)

DATA N T T H 4, HUN VI

Mla, Collected

CY:DY?T LS

1.80
72,30
130
« 100
<200
2.80
?.50
1.60
1.30
1.20
3.0
3.40
2.50
230
1.90
3.30
& .30
.30
2,50
2480
$430
%.20
.20
6.30
4.30
S 1¢)
" a00
2,00
5.0
v 020
6,70
7.00
11,3
Tel?
13.2
5.10
6.40
710
4.30

OF ThEaT

Dist.
93°
9y°

1007%
o3

190

comrinromstm it B oo Mo il o
e —

“18./hr.

«300
384
«300
«133
#1353
434
«434
«266
300
187
+850
» :555
ALY
.384
«167
623
716
«3B4
+ 583
467
11,58
V.54
1.37
1,50
167
1.22
1.%4
1.34
.;f-d
1.20
, ‘] ‘
Y417
1.38
1.18
2.70
1.02
T07
1,02
«518

Rates of Fettling
(nn./s0c.)

Atr Preasaro
(1‘)3./1!1.' )

Air lempersture
(° F.)

Rate_of Flow
(rt.3/nth.)

pH of Solution
and Feg

«15

6.0




JalA ON TE'T # 4, RUN VII

Kumber of Bea'sr

W@~ n e A

Jolution
Corpositicn

Sry Bulb
T"'&p-(o Fl)

Je# Buld
Te”!po(o ?o)

Relative Humidity

Farticle -ize
(ricrons)

Mis. Collacted

25.7
1746
10.5
10.9
14.6
10.7

Fe3

12.5
15.2
11.2
12.6
12.6
2345
10.4
10,3
11,2
9.”"0
94,70
22.1
1470
2045
142
9.30
1566
12,0
14.3
3.30
9.30
13.0
8."‘0
R.30
14.7
1043
12.1

CYILTTIONG OF [8. 7T

Diste Hy0
39°
]

29

1007

3

‘ﬂ:‘S-/ hr.

1,07
« 134
«438
454
.608
<446

»398
«520
<575
+467
¢ 725
525
«370
«434
+454
o295
«408
«404
«921
.362
«854
«426
«413
«650
0500
+ A2
»338
«388
« 541
«367
«371
€12
<429
« 504

Rate of Jettling
{mre/se0s)

Air Fressyre

(1b8./1n.“)

Air {esperature
(° F.)

Ruteaof Flow
(rt.°fin.)

p of “olution
and Fog

100.0
52.4
1{‘.6
12.9
4.7
11.8

3¢53
2244
3040
14,7
23.0
23.0
1740
10.0
12,9
18,8
6.47
"o AZ
7349

53.4
3,84
7405
40,.6
19.4
35.7
3e33
3.53
2342
«60

1"‘3‘
3Red
9440
20.0

2 x 19

15

95

«15

6.0




JATA W mec b a w oyyry

Nunber of Saaker M. Collected 5./ hr. L4
1 140 <058 1245
2 1.0 «025 a5
3 1.20 2030 Fe383
4 1.30 <048 20,2
5 300 Q20 3413
& . 600 015 0
7 1.30 «032 10.9
8 1470 «042 17.2
9 «300 « 020 3.13
1Q 1.20 <033 9.38
n 1.40 35 12.5
12 2,00 050 21 .5
13 1.50 . 038 14.1
14 1.20 <030 3,38
15 1.0 «042 17.2
H 16 2‘20 055 2"-0
17 2.10 «052 23.4
18 1.00 #0205 E25
19 1.90 «» 043 20.2
20 2490 <370 34.4
21 2.90 2 35,9
22 1.60Q <040 15.6
23 2+30 <0534 2846
24 T o4l » 085 4348
245 350 + 87 4544
26 Z2.30 .058 28,6
27 3.00 «07S 37.5
23 e 00 0125 A8 ,R
23 24580 <082 237
30 280 «065 31.2
; 31 3.30 .097 31.6
32 . 70 167 13,2
1 33 2.50 .062 29,7
34 3,20 «080 40.6
35 340 1.35 75.0
36 7«00 175 100.0
. CODITT w. oF TEST
Ayttt oo sttt Attt
Solution Composition Dict, Hzc Rate orf "ettling 2 ¢ 10"4
("m./sec.)
Dry Bulb
Teu. (% F,) 899 Alr Ereseyre ]
(128./1n.%)
Wet Hulb 999
Teupl{ F.) ?%r Tenparature ag®
£)
P Relative Humidity 16074
Rate of #1ow «53
Farticle iise ot (f‘t;.3/ain.)
PR of Solution 6.0
and Fog

s g i o e




DATA UK TEOP t 4, wun 1X
Zumber of Realer g, Collegisd Mis, / hr. 4
1 18.1 2.0 83.8
Z 14.8 1.8 72«0
3 140 1.8 72 <0
a 12.6 1.8 5743
5 10.0 1.3 38,.2
6 1 ‘ng ZOO‘ 81 uo
T 12.7 1.6 51,8
8 11.9 148 5242
9 10.7 1.3 43 .4
10 10 .4 13 4] .2
1n 18,1 243 97,8
12 10,1 1.3 33,0
13 9.7 12 38,0
14 Be8 1.} 29.4
15 Sel 1.1 31.6
16 13.4 2.3 100,0
17 XY 1.1 31,6
18 B8 1.1 2749
19 1C. 4 1.3 412
i 20 4,0 1.1 30.8
. 21 1.5 2.2 93,5
22 a0 1.0 23.5
23 Ba7 <80 14.0
24 Se7 70 6 .60
25 ’3.2 ‘»00 2"00
26 167 2.1 B745
27 7.3 +«20 19.4
28 Co7 «80 14.0
29 4,3 «F0 0
30 e « 70 37
31 1562 1.9 76.5
32 7.0 .90 18.2
33 3.8 « 10 8.1
34 6.2 «80 1043
35 fed « 70 4.4
L CONDITTONS OF TEST
‘>lutisn conposition 20% Nacl Rage of Seitlimg 3 x 1070
(1 ./rec.)
Relutive dunidity 100%
alir Pressyre 14
Specific Gravity 1.150 (Vbs./in.“)
: of .olution °
i: Afr lfenperature 95
P.rticle {ize o5 ¢ F.)
! {-icrons)
: pif of Solution 742
Raé:asof “low A6
, (fte” f21ne) pH of Fog 7.2
|
i SR
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wignbhep 3f Yealer

OO NNk AN

[l ol
. LY =~ O

15
17
18
19
20
21
22
23
24
25
a6
27
29
23
30
31
32
33
34
35
36
37
33
39
10

.olation Cy-position
Kalutive 1unidisy

peoific “ruvity
of .olukion

Particle »ize
{nicrons)

Ruze of rlow
(NOSO“!H.)

©q

15+ Collected

1,30
9,10
Jded)
He30
Je 0
" o0
3470
161
'e O
.40
el
7+50
7470
3.10
R,10
.20
5:.00
6,10
fe 70
€."0
Fe:;‘o
/030
.60
1e20
£. O
5,30
£, 0
740
.10
7,30
.‘. ] O
3.10
7,30
R 30
7420
7,10
2,20
3.20
B.70
1e50

R Y

X

24J

130

" NaCl

1.150

«416

Vs /ar. !
-1’5 '/003
133 fR.2
Y17 3.1
+133 045
.13 1946
133 R42
293 10,1
211 100,93
O 41,€
o194 5442
2146 2444
L1503 31.7
«161 41,45
-17" ‘9.3
175 -H.8
132 1,0
125 0
138 .1
1353 1/7.1
132 13.4
i P 21.9
D] "; A-{‘OS
ol—)\q 7'-"0
PR) | 3,0
139 1,0
o137 7e32
.1;9 1"00
o125 24,4
« 149 2" e3
152 1.7
«169 1ed
.1’.3 '1.3
12 31/
0141 19.4
+162 4349
<148 26.9
«11 3146
01'] RS.G
121 67 ed
«1/9 63.5
: =5
Rate of [etkling 3 x 10
(nno/sec.)
Air Pressyre 14
(1')80/1"0 ) -
o
Air le-perutire 95
(° F.)
il of . 0latisn 762
pH of <og 7.2
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S ject

The o2bject of tids shase of ths Investigation 1s to
determline the Zdistritution of sno'mt of corresion of stiecel
panels in a salt fop atmosghers. :

£

LUEMA Ty

A tost has Leen :un at 95°F, using 2 2N% salt solu-
tisn, o Cetervine the amo.mt of corrosion of stesl panels In
gy

the 4ifferemt parts of the st arca of the salt spray czuinet.

Introdustion

In the foregolng tests, an {nvestigaiion wmas ciun-
ducted to correlate the amount of corrosion of a steel panel
with the fog iensity at L.at positlon in the cablnet. Fog
Zlstritutli-n partterne were determivced and wlde wvariatlions were
suserved, The azount o2f corrasion varied, in genersal, Invesrsely
as the mmount »f fog cxllected. All theze runs wers made usling
water amnd not a salt sclztion. Since most »f the tests using
t4:3s cacinat are o e made with sald saxlutions, the Aistribu-
tion sf corroslion im such aw atiosphere ano>ull pe checked on
panels of like -atsrlel waefore compaclizon carn ce made,. In sub-
segquent runs, L=ineen panels ~f differcnt compositione.

Concluslions

. fn the basls »Ff ¢t Is test, it Is evident that the
corrasion rate sed distrib:tl >n are more even than tiose in
the foraegolrg tests, using distilled water. The distribution
5f eorroslon as measurei 1n the outlined manner appears to be
such tnat comparative test can be made with dissimllar test
panels and that reascnavle concluslons can be drawn regardlng
corrosion rates regardless of tne position of the test panel
in the box.




et kot e el

TiST ND. 6

Object

The object of this test is to determine the cor-
rosilve effects of a 20Y sodium chloride solution, pH 7.0
at 100°F, on steel, brass, zine, alumlnum, cadmiim, nickel
plate, snd enameled and phoschated stesl.

Summary

A test has‘been conducted for a period of 200
hours in the sslt spray test cablnet to dstermine the effect
of increasalng the temperature 5°F above the standard value
of'95°F. Operating conditions were: temperature 100°F,

20% =salt solution at pH 7.0.

Introduction

"The test shall be conducted with a tcmperature
in the exposure zone maintained at 95° plus 2° or minus 3°F." -
Fedaral Specification QNQ-¥-15la. The malntenance of the proper
operating temperature should be an lmportant factor in de-
termining the corrosion rate of metals and protective coat-
ings tecause of the increase in reaction rate of most chemieal
changes with an lncrsase in temperature. In tais and subse-
quent teats, the tenperaturc will be varled over the range
of practically encountered tempeoratures, and its effuct on
the corrosion rate determined.

Procadure

The test was run for 200 hours, using a 20% sodium
chloride solution at pH 7.0. The cumulative welght losses,
panel ratings and operating conditlons are tabulated in
Appendix A and a plot of the cumuletive weight losses for

the steel, brass, zinc and cadmium panels comprises Appendlx
B.

Discusselon

The asteel panels lost welght at a fairly consistant
rate, whille the brass panels, after an initial loas in two
cases, gainod welght steadily. The zinc panels, although more
irregular in their day to day welghts, showed a net losa in
welght, whereas the cadmium panels atteined a practically
steady welght after tke first 24 hours of exposure. The
enameled panels and the sulfuric acld anodlzed panels showed
1ittle evidence of attack after the 200 hours. The chromic
acild anodized aluminum panels siiowed definite evidence of




Conclusions

corrosion after 176 hours ex.osure. The nlckel plated
steel panels all falled after one hour exposure, three
falling aftser one-half hour. The phosphated steel panels
showed no evlidence of rusting after one-~half hour, but
all falled before one hour in the test cablnst,

.

Thes. data collected dudng tils run will be
used as a measurs of the corrosinn rate at 100°F, 20%
sodium c¢hloride, pH 7.0.
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TEST NO. 7

Ob ject

The object of this test and one of the primary
objects of thils investigatlion is to determine the effect
of various physical operating conditions on the corrosion
rates of varlous materials in a salt spray cabinect.

Introiuction

As a basls for comparlson this test was run in
accordance with Specification ASTM Bl17-49T (similar to
QQ-M-151a) for temperature, alr pressure and solution
composition., From results obtalned in t:1s test, comparlisons

of corrosion resistance can be made when condiiions are
varied.

Conclusions

The test panels, in general, followed the expected
pattern of salt spray resistance. The length of time to
fallure for the various materials will ce used as & basis
for comparison with those obtalned in subsequent tests.

Procedurs

Thirty-six panels, four each of nine different
materials, were used in tuls test as summarized below. The
same number and types of panels will be used in the follow-
ing tests:

3" Steel panels SAE 1030 ,

Brass panels 70% copper, 30% zinc

Zinc panels

3" Cadmlum panels

Aluminum panels, chromic acid anodized

10" Aluminum panels, sulfuric acld anodized

3"  Phosphated (manzarese) steel panels

8"  Nickel plated (.001") steel panels

10" Steel panels, phosphated and then coated
with two coats of black enamel as de-
scribed in Part 1 of this report.

BN URLUNWARLN
MM MMM MM MM
-

o
a

The steel, brass and zinc panels were abraded with a 240-grit
Aloxite metal cloth, using an oscillating electrlc sander.
They were then cleaned with A=l cleaner, water-rinsed, drled
at 110°C, cooled and weighed to the nearest tenth of a
milligram,

Difficulty was encountered in attempting to
abrade the cadmium panels due to the soft nature of the
metal. These panels were dipped in a 2% hydrochlorio acld




solution at room tempersature for flve minutes and water-
rinsed prlor to weighing. The anodized aluminum, phosphated,
nickel plated and enameled panels were placed in the salt
spray box without any additional c¢leaning operation.

The ateel, brass and zinc panels were removed
from the box every 24 hours, They were scrubted with a
stiff nylon bristle brush under runnifig watcr until no more
corrosion product could be removed as 1ndicated by visual
inspection. They were then dried and weighed as before,

Previous experience has shown that the corrosion
products of cadmium adhere tenaciously to the metal and are
not really soluble in water. As a result of tests conducted
and elsewhere described in this report, the cadmium pansls
were cleaned by immersion in a 2% sodium cyanide solution
for five minutes at room temperature followed by a water
rinse.

A visusl rating system was employed to evaluate
the anodized aluminum, nickel plated steel, phosphated and
enameled panels as described in the ASTM article - "A Visual
Syatem for Rating Panels."

Obeervations were made on the phosphated steesl
and nickel plated panels after 1/2, 1, 1-1/2 and 2 hours,
and all panels were observed every 24 hours. The observa-
tions and weight losses appear in Appendix A.

The box was operated at 95°F and a 20% salt solu-
tion was used., The pH of the solution was adjusted to 7.0.
The operating conditions and physical values mentioned are
also summarized 4in Appendix A.

The cumulative weight losses were calculated and
plots of these values versus the corresponding days are in
Appendix B. The tests were limited to 200 hours duration
since the data required for evaluation were obtained well
within tnis time limit.

Disoussion

The steel panels lost weight at a fairly oonstant
rate. The values diverged in increasing amount with in-
creasing time. Variations from a constant rate of corro-
sion can possibly be ascribed to incomplete removal of
corrosion products on individual days.




The brass panels all lost weight during the
first 24 hours and then gained steadily although not con-
stantly for the remalnder of the test. At 120 hours, all
the panels equalled or exceedsd the original welght at the
start of the test. The changes in welght were only ap-
proximately one~tenth those for the steel panels, although
the brase panels have 4-1/2 times the surface arca of the
steel panels.

The zinc panels loat welght at 2 relatively
steady rate and were heavily streaked with white corrosion
products, all of which could not be removed by scrubblinge.

The enameled panels stood up well, as was to be
expected. Slight rust along the edgea and s few rust
spots were noted as shown in detail in Appendlix A.

The phosphated steel panels all falled at the
end of 2 hours - one falling at 1 hour and two at 1-1/2

hours.

Conclusions

These test results are to be used as a standard
for comparison when deviations from standard practlce are

mAde.




¥ETIOD 9% RATTIEG PANELS*®

Rating of 3" x 10" Chromic Acld and Sulfuric Acid
Ansdlzed Aluminum Panela

Humerical Corrosion Corrosion Corrosion
Rating _Dots __Tpots __Areas
1ic Ne corrosion o corrosinn _ No corroslon
9 10 5 " 2.5 small areas
7 20 19 5 small areas
5 40 20 10 small areas
3 3]0] 47 20 small areas
1 162 80 40 small areas
0 Complete Corrosion

Ratlng of 4" x 10" Enameled Fanels

190 No corroslon Yo corrosion o corrosion
9 18 6 3 small rust areas
7 26 13 6 small rust areas
5 53 26 13 small rust areas
5] 213 106 53 small rust areaas
1 426 2193 106 small rust areas
0 Complete Corrosion

Rating of 3" x 8" Nickel-Plated Steel Panels

1 rust spot in 24 square inches constitutes fallure.

Rating »f Phosphated Steel Fanels

Firat sign of rust constitutes fallure.

%Based on "A Visusl Rating System for Rusted Steel Specimens” by
Harry L. Falgen. Authorized reprint from the Copyrighted ASTM
Bulletin No. 154 October,

1948.




Ob ject

The object of this inveatigatlion 1s to develop
an effective metiod for clecaning cadmlum test panels after
thelr exposure In the salt spray test cablnet.

Summary

Tests have been conducted to evaluate the effac-
tivoness of soaking the cadmium panels in a dilute cyanide
solution as a method for the removal of corrosion products
achering to the surface of the panels.

Introduction

When cadmium panels were exposed in the salt spray
cabinet, there was an inltliel bulldup of corrosion products
on the surface as indicated by & sharp gain in wolght durlng
the first 24 hours of exposure. After that, the weizhts
remalned practically constant on successive days desplte
thorough scrubblng with a stiff nylon bristle brush under
running water. Thls 1s probably due to the formatlon of
a film of cadmium oxide on the surfnce which adheres tena-
clously enough so that it cannot be removed by scrubbling.

A dilute solution of sodium cyanide was used to dissolve the
" coating, and results of an investlgit »n of this method are
summarized below.

Procedure

Four cadmium nanels were c¢cleaned in 5% hydro-
chiloric acld for 5 minutes, rinsed under running water,
dried in a forced alr oven at 110°C, cooked, and welghed
to the nearest tenth of a milligram. They were exposed to
lavoratory air for 24 hours and then immersed in a 2%
solution of sodium cysnlide for 5 minutes, rinsed with running
water and dried as before. This process of exposure and
cyanide c¢leaning was repeated over a period of 12 days. A
summary of the individual day to day changes in welight along
with the average and standard deviatlion 1s attached.

Discussion

From the data in the summary, the welght losses
incurred appear to be insignificant especlally when com-
pared with the results obtalned with cadmium panels and
exposure to salt spray as shown ir the salt spray tests,
starting with Test No. 7.

Conclusion
The method of cleaning the cadmium pancls as

outlined appears to be satisfactory and has been adopted
as a routine procedure.




CADMIUM <ETGHT LOSGES

Parel Yo 1 2 S 4
Day :
1 0009 .0012 ~ .0008 0005
2 « 10056 0004 0007 0005
3 . Y005 L0000 L0056 0003
4 +.0003 <ON07 « 00 «J011
5 .A108 0001 .01 0001
6 +.7010 L0009 4.9008 +.0014
7 <1000 7001 0002 0001
8 o 0 »N001 « 2701 «0705
o 1002 000 .0001 . 007
10 .00 .0N03 . 2002 .0007
11 0003 .0000 .N002 0002
12 «0003 « 3000 <0000 « D104
Average 170167 .000317  .N00176  .000308

Standard Deviatlion .N00174 «N00365 «N00364 000583
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TEST NO. B

Object

The object of this test is to determine the cor-
rosive effects of & 20,. sodlm chloride solution, pH 7.0
at.70°F on the nine materlals described in Test No. 7.

Summa;x

A test has been conducted for a period of 150
hours in the salt spray test cablnet to determine the ef-
fect of dacreasing the temperature 25°F below the standard
value of 95°F. The concentration .f the salt solutlon and
its pH as well as the operating conditlons of the box were
=aintainoed the same as 1n Test No. 7.

Introduction

70°F approxitates room temperature and, therefore,
the lowest convenlently obtalned tewperaturc for the opera-
tion »f a salt spray test cablnet. Corroslion rates at this
temperature obtalined In tiils test will be compared to those
at elevated temperatures.

Procedure

A procedur similar to that described in Test lo. 7
was followed. The test was limited to 150 hours, using a
20% sodium chloride solution at pH 7.0. The cumulative welght
losscs, panel ratings and operating condltions are tabulated
in Appendix A, and a plot of the cumulatlve welght losses for
the steel, brass, zinc and cadmium panels comprises Appendlx
Be

Discussion

The steel panols lost weight consistently. It 1s
interesting to note that in Tests 6, 7 and 8, the order in
which the pancls lost weight (2, 3, 4, 1) ls the same.

This 1s probably due to their position in the box. (See
plot of positions glven In Appendix B of Test No. 1)

The brass panels lost weight during the first 24
hours and then ;;alned as has been previously experlenced.
The zinc panels, however, showed a slight lncrease in
welght compared with a marked decline experienced at the
higher temperature.

e e e — =



The cadmium panels lost conslstently and thelr
welght lorses were grouped closuvl:; together.

The enameled panels s:.owed 1ittle evidence of
corroslon at the end of thie 150 hours,

Tne chromic acid anodized aluminim pancls proved
superior to those prepared by the sulfuric aclid process,
although ¢ e difference was not as great as had beern ex-
perienced at higher temperatur:s.

The nickel plated specimens all falled bufors 24
hours exposure, and the phosphatad steel panels falled be-
fore 2 hours.,

Conclusions

.

These data constitute a measure of the corrosion
rate at 70°F, 20% sodium chloride, pH 7.0. The results will
be used to determine the effect of concentration of salt
solution and temperature nn the corrosion rate.
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January 31, 19562

At the sugpestion of Arthur Zavarella of
Springfield Armory, we are golng to add oxl.ized steel
panels, prepared by Pentrating, to the series of spsci-
mens being tusted In the salt apray cabinet. Thls 1s
to be done because [ the conslderable use of oxidized
steel for Ordnance.

Since the salt spray cablnet is belng run on a
total of thirty-six panels, and because the box has al-
ready been calibrated, using tnirty-six panels with a
random distribution wihich has not been changed, it
seems desiraple to eliminate one set of specimensa.

As the tests on the baked ensmel panels are not sig-
nificant in a 200-hr. test period, further test work
on enameled panels 1s to be elliminated.




TEST NO. @

Cblect

The object of thls test 1s to determlne the corrosive
effects of a 20% sodium chlorlde solution, pH 7.0 at 90°F on
the nine materials deserlved in Test No. 7.

Summa ry

A test has been conducted for a perlod of 150 hours
in the salt spray test cablnet to determline the efluct of de-
creasing the temperature 5°F below the standard value of 95°F,
The concentration of the salt solution and 1ts pH as well as

tha operating condlitions of the box were maintained the same
ag in Test No. 7. :

Introduction

This test, the fourth of the series, will be used
along with the data from Tests Nos. 6, 7 and 8 to determine

the effect of temperaturs varlation on the rate of corrosion
in a salt spray cablnet.

Procedure

A procedure similar.to that outlined in Test Ho. 7
was followed and the test was run at 90°F with 20% sodium
chloride soldtion, pH 7.0, for 157 hours. The cumulative
welght losses, panel ratings and oper:ting conditlons are
tabulated In Apsendix A and a plot of the cumulative weight

losses for the steel, brass,.zinc and cadmium panels comprise
Appendix B.

Discussion

The steel panels lost welight at a fairly consistent
rate and the filnal order of their losses was the same as was
previously experienced {l.e. 2, 3, 4, 1).

The brass panels, after an initial loss, gained
weight but only two panels exceeded thelr original welght
in contrast to tho more general case where all the final
weights exceed the original welghts.

After some initial irregularities, the zinc panels lost
weight steadlily.

The cadmium panels lost oonstantly, and thelr welght
losses were well grouped together.




The pentrated steel panels all failed before
1-1/? hours, two failing bafore 1 hour.

The sulphuric acid anodized aluminum panels all
falled vefore 22 hours, whlle the aluminum panels anodized
by the chromic acid process falled before 129 hours ex-

posure.

The nickel panels all fnlled before 1 hour, two

falling before 1/2-hour.

The phosphated panels all
exposure in the salt spray cablnet.

Concluslons

The data obtained 1n tnis
junction with those obtained on the
determine the effect of temperature
the salt spray cabinet.

falled before £ hours

ran will be used in con-
three previous tests to
on the corrosion rate in
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TEST N0, 10

——t———

Ob ject

The object of thls test Is to determine the corro-
sive effects of a 10% sodium chloride solution, pH 7.0 at
95°F on steel, brass, zinc, cadmium, pentrated steel, chromic
and sulphuric acld anodlized alumlnum, nlckel plated stesl
and phosphated steel panels, '

Summary

A test nhas veen conducted for a period of 150 hours
in the salt spray test cabinet to determine the efrfect of
decreasing the concentration of salt in the salt spray solu-
tion from 20% to 10%. The temperature and pH of the solution
were maintained the same as in Test No. 7.

Introduction

In any chemical or elsctrochemical reaction, the
concentration of the reactants or elsctrolyte is of obvious
importance. The concentration of salt in the salt sclution
used 1n tnis type of testing should, therefore, have a
direct effect on the rate of corrosion. In thls teat and
In Test No., 11, the concentration of salt will be reduced
and 1ts effect on the corrosion rate observed.

Procedure

A procedurse similar to that described in Test No. 7
was followed. The test was run for 150 hours, using a 10%
sodium chloride solution at pH 7.0. The cumulative welght
losses, panel ratings and coperating conditions are tabulated
in Appendix A, and a plot of the cumulative welght losses
for the steel, brass, zinc and cadmium pan:1ls comprises
Appendix L.

Discussion ’

The steel panels lost weight steadily and the
brass panels, after initlel losses, exceeded their original
weight in three out of four cases.

The zinc and cadmium panels both lost weight
in a manner similar to that proviously experienced.

Three of the pentrated steel panels failed before
1/2-hour exposure, the other falling before 1 hour.




The aluminum panels anodlzed by the suliyhurie
acld process held up better than those prepared by the
chromic acld process. The sulfuriec acid anodlzed panels
were little affected at the end of 150 hours exposure
while three »f the chr.mic acld anodlised panels falled be-
fore 132 hours.

The nickel plated steel panels-all ralled before
24 hours exposurs and the phosphat;ed steol panels all falled
before 1 hour.

Conclusions

These data form a measure of tie corroslon rate at
95°F, using a 10% sodlium chloride solutior, pi 7.C. They
will be used in conjunction with Tests No. 7 and No. 11 to
determine the effecct of salt concentration on the rate of cor-
rosion.
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TEST NO. 11

»

Ob ject

The object cof this test is to determine the corro-
sive effects of a 5% sodlum chloride so>lutfon, pH 7.0 at 95°F,
on the nine materials listed in Test lo. 10.

Summary

A test has been conducted for a period of 159 hours.,
in the salt spray test cabinet t¢ det.rmine the effect of de-
creasing the concentration of salt in the solution from 20;x

to 5%. The temperature and pH were malntained the same as in
Test No. 7.

Introduction

This test represents the lowest llmit of salt con~
centratlion and will be used in conjunction with Tests No. 7
and No. 10 to determine the effect of concentration of salt In
thgisclution an the rate of corrosion in the salt spray test
cabinet.

Frocedure

A procedure simlilar to trat described in Test Ho. 7
was followed. The test was run for 150 hours, using a 5% sodlum
chloride solution at pH 7.". The cumulative welght losses,
panel ratin.:s anc¢ oporating condltions are tabulated in Ao-
pendix A and a plot of the cumulatlve weight losses for the
steel, brass, zinc and cadmlum panels comprises Appendix B.

Discussion

The steel panels lost weight at a fairly steady
rate with Panel No. 1 still showing the greatest loss that
has been exporienced on all previous tests of thils type.

The brass panels showed no Initial loss and galned
weight steadily, while the zlnc and cadmium panels lost in
the previously experlenced manner.

The pentrated steel panels all snowed rust at the
end of 1/2-hour's exposurs.

The aluminum panels anodized by the sulphuric acld
process showed & superiority over those prepared by the
chromic acid process. Three of the sulphuric acld anodized
panels showed no signs of corrosion after 150 hours sxposure,
while all of the chromic acid anodlzed panels showed evidence
of attack after 110 hours.




The nickel plated steel panels all falled before
“4 hours exposure, and the rnosphated steel panels all falled
before 2 hours.

Concluaions

These data constitute a measure of the corrosion
rate at 95°F. 55 sodium chiloride, oH 7.7. These rnults will
be used to determine the effect of concentration of salt in
the solution »n the rate of sall svray corrosiorn. 4
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THST HO. 12

Object

The object of thig test 1s to daternine the cor-
rosive effects of a 5% sodlum ehloride solution, pH 7.0 at

70°P on the va-lous types of panels used 1in this goeries of
tecsts.

Summngx

A test has been condusted in the salt spray test
cauinet at 70°P, using a 5% sodium chloride solution, pH
7400

Introduction

The informetion collected in this test, the last
of a serles, will be used togethsr with the results from
Tests 6 through 11 to determine the effect of concentration
of salt solutlon and temperature of operation on the core-
roslon rate. This test represents the lower limits of

temperaturse and concentretion that will be used for com-
parison.

Procedure

A nrocedure similar to that described in Test
No. 7 was followed. The test was run for 150 hours, using
a 5% sodium chloride aolution at pH 7.0. The temperature of
the box was maintalned at 70°F. The cumulative weight losses,
panel ratings and operating condltlonfare tabulated in
Appendix A and a plot of the cumulative weight losses for

the steel, brass, zinec and cadmium panels comprises Appendix
B.

Discussion

. The steel panels lost welght at a reasonably
steady rate and the order of their weight losses was the
same a8 has been previ ously erperlenced.

The brass pansls showed no initlial loss in weight
and, wi th minor variations, gain weight consistently.

The zinc panels did not show thelr usual steady

losa in weight, but instead, after initial losses, tended
to approach a steady weipght value,




The cadmium panelas lost welght at a consistent
rate, and the values were closely grouped as usual.

The pentrated panels all falled befores 1 hour's
exposure, wihile both the sulfuric acld and c¢hromic acid
anodized aluminum panels showed very little evidence of
attack at the end of the test perled of 150 hours.

The nickel plated steel panels all falled before
24 houra, and the phoaphated panels failed before 2 hours.

Conelusions

These data constitute 2 measure of the corrosion
rate at 70°F, using 5% salt, pH7.0. The information will
be used In comparlisons with previous tests to determine the
effect of temperature and concentration on the corroslon

rate.
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TEST NO. 13

Obiect

The object of tuals test 1s to determine the cor-
roslve effects of a 20% sodium culoride solntion, pH 6.0
at 95°F, on the various types of panels usad in the pre-
vious tests. : )

Summs ry

A test has been conducted in the salt spray
cabinet at 95°F, using a 20% salt solution with a pH of 6.0
as compared wlth 7.0 used heretofore.

Introduction

The pH and hence the acidity or alkalinity of the
salt spray solution should have a direct bearing on the rate
of corrosion in the test cabinet. This test at pH 6.0, to-
gether with the data to be obtained in Test No, 14 at pH 8.0,
will be used in comparlson with Test No., 7 to determine the
effect of pH on the corrosion rate.

Procedure

A procedure similar to that described in Teat No. 7
was followed. The test was run for 150 hours, using a 20%
sodium chloride solution st pH 6.0. The temperature of the
box was maintained at 85°F. The cumulative welght losses,
pansl ratings and a summary of the operating condlitlions are
tabulated in Ap endix A, and a plot of the cumulative welght
logses for the steel, brass, zinc and cadmiur panels come
prises Appendix B. :

Discussion

The ateel pansls lost at a rsasonably consistent
rate, while the brass panels showed wlde varlations and un-
usually high gains in weight.

The zinec panels lost at a fairly siteady rate, the
welght losses belng greater than those usually experlenced.

The cadmluu panels lost welght st an even rate in
a manner simlilar to that previousl; experienced.

The pentrated panels all failed before one-half
hour's exposure.




The chromic acid anodized aluminum panels proved
superior to those prepared by the sulfuric acid process. All
the sulfuric acld pan:ls siowed siyns of attack at 24 hours,
while no appreciable sipgns of corroslon appcared on the
chromic acid panels untll 885 houra.

The nitkel plated steel panels all failled before
2 nours, and the phosphated steel pansls all faliled before
1-1/2 hours.

sonclusions

L ]
.

The data collected In t.1s run constitute a
measure of the corrosisn rate at 05°F with 20 salt solutlion,
pH 6.0, and wlll be used to det.rmline the effect of pH
varlation on the rate »f corrosion iIn the salt spray cablnet.
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TEST NO. 14

Ob jeet

The nsbject of t.'s tnst 13 to cetermine the cor-
rosive effacts of a 20 sodiam chloride solution, pi 8.0
at 95°F, on the varlous typcs of panels used in previoua
tests.,

Summary

- A tost has vesan conducted in the salg apray
cabinet at 959, usiac a2 20;) sodium chloride solution ad-~
Justed to pH 8.0.

Introduction

This test, the third of a serles, will be used
to supply additional Information as to the effect of a
change in pH on the rate of corroslon.

Frocedure

A procedure similar to that dercribed in Test
No. 7 was followed. The test was run for 150 hours, using
a 20% sodlum chloride solution adjusied to oH B.0. The
temperature of the box was maintalned at '95°F, The cumu-
lative weight losses, panel ratings and a summary of the
operating condltions are tabulated in Apunendlix A, and a
plot of the cumulative wel;ht losses for the steel, brass,
zine and cadmium panels comprises Appendix B.

Discussion

The steel panels lost weight steadily and in about
the manner usually experienced. The brass panels, after an
initial loss, gained weight alih:onh the time necessary to
exceed thelr oririnal weight varled widely.

The zinc panels showed hlgh welght losses when
compared with the values usually obtalined. The cadmium panels
lost weight, although the rate was not as constant as usual.

The pertrated steel panels all falled before 1/2

hour. wilde variations were axperienced in the time fonr

failure of the anodlzed aluminum panels; two of t:.0s¢ pre-
pared by the sulfuric acid process falling before 24 hours
exposure., The chromic acid anodized aluminum panels falled
in between 66 to 110 hours exposure.




The nickel plated stesl panels all failed before
2 hours as did the phosphated steel panels.

Conclusions

The values collected in this test will be used
as a measure of the corrosion rate at 95°F, using a 20%
salt solution, pH B.0, and will be used in comparison with
the results from Tests No. 12 and No. 7 to determine the
effect of pH on the corrosion rate,

"»
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TEST N0, 15

Object

The nbject of this test is to determine the cor-
rosive effects of a spray of substitute ocean water at 95°F

on the various types of panels used 1n this series of
tests.

Summary

A test has been conducted in the salt spray
cabinet at 95°F, using substitute ocean water at pH 8.2.

Introduction

One of the purposes of the salt spray test 1s to
simulate, under accelerated condltions, the effects of
natural outdoor corrcsion and, more particularly, the cor-
rosive effects of a marine atmosphere. There have been
questions ralsed as to whether the salt spray test measures
the resistance to marine atmospheric corrosion. A spray
of suustitute ocean water has been suggeated as & better
simulation of the actual co nditions of exposure. The
results of tnls test and of Test No. 7 will be compared
and these in twrn compared to results obtained from actual
exposure tests made in a marine atmosphere., °

Procedurs

A procedure similar to that outlined in Test
No. 7 was followed. The substitute ocean water was pre-
pared in accordance with direct’'ons included in our first
report. The hsavy metals mentioned were added. The tesat
was run for 150 hours at 95°F. The cumulative weilght
losses, panel ratings and a summary of the operating condi-
tions aprear in Appendix A. A plot of the cumulative
welght losses for the steel, brasa, zinc and cadmium
panels comprises Appendix E.

Discussion

The steel panels lost weight at a fairly con-
aistent rate while the brass panels showed no inltial loss,
but gained weight steadlily.

The zine¢ panels showed a very alight increase
in weight as compared with the usual losses in weight.

The cadmium panels lost welght steadily, but the
losses were not as great as usual.




The pentrated panels all falled before 1 hour's
sexnosure. Neltnsr the chromlc acld nor the sulfurlc acid
anodlzed sluminum panels snoweda any signs of fallure at
the end of &the Lest period of 15J hours.

The nickel plated steel panels all.failed before
2 hour's exporure, and tie phosphated steel panels all
failed before 1 hour's exposure.

“onelualions

.The Information obtalned from tiis test will be
used as a messur. of the corrosive sffects of a spray of
substitute ocean water. These rosulte will be compared with
salt spray and marine atmosphere corrnsion rates.
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TeLT NO. 16

Ob ject

The oblect of this tost 1s to determine the
effect of the presence of lodlde ions in approeciable
quantity in the salt sclutlon used to generate the fog
in salt spray testing. )

Summary

- A test has been run at 95°F in the salt spray
test cablnet usinp a 20% sodium chlorlde solution, pH 7.0,
with a 0,1% addition of iodlde 1lon in the form of sodium
iodide. Conditions of opsration and types of panels ex=-
posed were the same as proviously descrlied, the only
difference belng the additlion of iodide 1on.

Introductlion

Specifications detalling the procedure for salg
spray testing roquire the use of lodide~free salt. The
effect of another halogen lon besides chlorine on the rate
of corrosion should therefore be deturmined from the
standpoint of possible substitution of commerclal grades
of plain or iodized salt. Results of tils test wlll be
used in comparlson with those under the same operating
conditions, nsing C.F. 20% sn.ilum chloride solution.

Procedure

A procedure similar to that outlined in Test Yo.
7 was followed. The test was run for a period of 150
hours, using a solution composed of 20% sodium chloride
and 0,1% sodium iodide in distilled water, the pH being
adJusted to 7.0. A summary of the operating conditions,
cumulative welght losses and pancl ratings are shown in
Aprendix A, while 8 plot of the cumulative welght losses
of the steel, brass, zinc and cadmiym panels comprises
Appendix B.

Dlscussion

The steel panels lost welght at a fairly steady
rate and no change was noted In the order of the rate of
corrodibility with box position {(i.e., 2, 3, 4, 1). The
brass pansls, after initial losses, galned welght in the
manner usually experienced.




The zinc panels and cadmium panels showed ateady

losses of a magnitude greater than that generally experi-
enced.

The pentrated steel pansls all failed before
1/2 nour's ex-orure, wnile the aluminum panels, anodlzed
by wvoth the chromlic and sulphurlc acld processes, showsd
varied results with little possibility of comparison.

The rnickel plated steel nll (alled in between
1-1/2 and 2 hours exposure.

Three of the phosphated steel pansela falled be-

fore 1 hour's exposure, while the other failed before 2
hours.

Concluslon

These data constltute & mesasure of the corrosion
rate with a 0.1% addl tlon of socdium lodide, and will be
used in comparison with the results from Test No. 7 to
determine the effect of iodide ion on the rate of corrosion.
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TST NOa 17

Oblect

. ihe object of t..1s test 1s to detormine the

effect of reducing the size of the salt.spray fog particles
on the rate of corrosion in the salt apray fest cabinet.

Summary

A test has been conducted at 95°F uaing a 20%
salt solution, pH 7.0, and & modiflied atomizing nozzle so
as to produce a fos of substantially reduced particle slze.
The same op:rating conditions and types of panels were used
as have been employed In the previous tests, the only
variable from standard condltions being the particle size.

Introduction

Tne particle size, although not directly specified
in the description of atandard salt spray test requirements,
directly affects the wetness and density of the fog produced
and, ther:fore, should have some bearing on the rate of
corrosion. This test, made with a fog o reduced particle
slze, will be used in comparison with Test No. 7 which re-
pr:sents the sam: c¢onditions with the exception of & larger
particle size.

Procedure

A procedure simllar to that outlined in Test No. 7
was followed. The change in particle slze was brought
about by a slight increase in diameter of the hole feeding
the salt solution into the air jets. The test was conducted
for a poriod of 150 hours at 95°F, using a 20% sodium
chloride solution, pH 7.0. A summary of the operating con-
ditions, cumulative weight losses and panel ratings come
prises Appendix A while a plot of the cumulative weight
losses for the steel, brass, 2inc and cadmium panels is
found in Appendix B.

Discussion

The steel panals lost wei -ht !n accordance with
their usual pattern. The brass panels, after initial
losses, gained welght steadlly and in ev:ry case exceeded
their original welight before the end of the teat.

The zinc panels loat weight from the beginning -
of the test, and the cadmium panels showed very steady
and closely grouped welght loases.




Three af the pentrated steel panels failed before
1/2 hour, while the fourth failed before 1-1/2 hours.

Anodized aluminum panels prepared by the chromle
acld process suowed supriorlty over those prepared by the
sulphuric acid .rocess, tiiree of these falling before 24
hours exporure.

Tne nlckel plated steel panelé all falled before
24 hours exposurs, and the phosphated stsel panels all
fatled before 1-1/2 hours exposure.

Concluslions

Thes» data constitute a measure of the corrosion
rate at standard conditions w.th a reduced particle size,
and will be used in comparlison with Test kNo. 7 to determine
the effect of particle size on the rate of corroslon.
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TEST NO. 18

Qb jsct

The object of tinils test i1s to determine the effect
of a fog formed by spraying distilled water on the nine
types of materlal previ .usly used in the forsgoina series
of salt spray tests. .

Summary

A test has been conducted at 95°F 16 the salt
spray test cabinet for a period of 150 hours using, as the
test solution, distilled water adjusted to pH 7.0,

Introduction

A apray of distilled water has been sugsested as
a8 possible substitute for salt spray in accelerated corro-
sion testing. This test, using distilled water, will be used
as a moeasure of the effectiveness of this method and will
also0 be used in comparison with the results obtained from
salt spray, humidity, and outdoor exposure tests.

Procedure

The ealt spray test cabinet was thoroughly cleaned
with water to remove the salt adhering to the box, and was
rep-atedly rinsed wit: city water until rinsings showed only
8 very allight haze when tested with 0.14 N silver nitrate
solution. The box was then operated with a distilled water
spray for 24 hours and drained before the test panels were
put in. The test panels were preparad and evaluated in the
manner described 1in Test Wo. 7. The test was run for &
period of 150 hours, using distilled water with the pH ad-
Justed to 7.0, A summary of the operating conditions,
cumulative welght losses and panel ratings 1s shown in
Apnendix A while a plot of the cumulative welght losses
for the steel, brass, zinc and cadmium panels comprises
Appendix B.

Discussion

The steel panels lost welght at every inspection,
but the rate of loss was not as ateady as has been experie
enced with salt solution.

The brass panels showed 1ittle or no initial loas,
and their welght galns were extremely low and erratic.




iy

The zinc panels lost welcht after 24 hours ex~
posure, and the cadmium panels lost welght at a steady
rate and in a closely grouped pattern.

The puntrated stsel ranels all falled before
2 hours exposure, wiille nelther the sulphuric nor the
chromic acld anodized alnminum panels showed any evidence
of attack after the 150-hour test period.

The nickel plated steel panels all falled before
24 hours exposure and the phosphated steel nanels all
falled before 2 hours ex osure.

Conclusion

These daia constitute & measure of the correosive
effects »f a spray of disiilled water and will be evaluated
by comparison with results obtalned from salt spray,
humldi ty and outdoor clty and marine expoaurs tests.
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The cadrmlium panels lost welght steadily.

The pentrated sisel pansls all falled before
1 hour's =2xpoasure.

Trie chromlc scid asodized aluminum canels
vroved superior to tnose propared by the sulphuric acid
process. .

The nickel plsted steel pancls 2ll 2lled be-
fores 24 hours exnorure ard chosoohated stael ranels Lefore
2 hnures.

Conclusions

These data constitule & messure of the corrasion
rate at 95°F, using 2 207 sodluwr chlorids solution, oH
Tely, antd w111 be used in commarlson with Test Mo. ™ to
deternine the reproducliplillity of one partlcular salt spray
test.
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TEST KO. 80

Ob ject

The object of this test is to determine the effect
of the angle of exposure in a salt spray test on the rate
of corrosion.

Summary

A test has been run at 85°P with 20% sodium chloride
solution, pH 7.0, and steel panels. The panels were held at
every 10 degrees of rotation through a full circle, only one
side being exposed to the salt spray. In addition, panels
wore exposed at 16° from the vertiocal.

Introduction

What constitutes a significant surface in salt
spray testing has been variously described and, in some
cases, reference is made to a certain angle of exposure
(e.g. 15° from vertiocal for phosphate finishes and 8° for
anodized aluminum). This test, then, is an attempt to
measure the dependency of the rate of corrosion on the
angle of exposure and also the effect of the direction of
the flow of fog on the rate of corrosion,

Procedure

Forty 2" x 3" low carbon steel panels were
abraded with a 240 grit Aloxite cloth, and one side of each
panel covered with Scotch brand No. 33 electrical tape to
protect from corrosion. The panela were then cleaned in
A-1 cleaner solution, water rinsed, dried and weighed to
the nearest tenth of a milligram. Twenty polystyrene holders
were made, each with two milled slots at the desired angle
of exposure. Two panels were placed back to back with the
unprotected sides out in each rack. A photograph of the
assembled holders with and without the panels is shown in
Appendix C.

Panely were held in such a manner as to expose
one panel at every 10° of rotation through a full circle.
Additional holders were used to expose panels at 15° from
the vertical. Panels were so placed that the axis around
which the panels were rotated was at right angles to the
direction of the prinocipal flow of fog in the box. The
panels were placed in the box so that no one holder
shiélded another and each was exposed directly to the fog.

A summary of the operating conditions appears in Appendix
A,
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The test was run for a period of 24 hours, after
which the panels were removed from the box, scrubbed with a
nylon bristle brush under running water, dried and reweighed
to the nearest tenth of a milligram.

Weight loasses were then computed and are shown in
Appendix A. A plotaf these weight losses versus the angle of
exposure comprises Appendix B.

Discussion

Results show a clear dependency of rate of corro-
sion on the angle of exposwure and on the position of the
panels with respect to the principal direction of flow of
fog. The angle of exposure is more critical and has a
pronounced effect on the rate of corrosion. Corrosion on
the underside was of a different character than that on
the upper side of the panel. Corrosion on the underside
was characterized by a dark, finer-grained, adherent
cover of rust that i1s not readily removed by scrubbing.
Weight gains rather than losses were, therefore, eﬁgeriencgd.
Corrosion products on the upper surfaces were of & GSoarser
nature and lighter in color. They were easily removed by
scrubbing, resulting in weight losses.

Corrosion increased to a maximum on the upper
surface at an angle of approximately 30° from the vertical.
Corrosion on the underside showed a minimum at the hori-
zontal,

The smaller nature of the fourth quadrant of the
graph as compared with the first is an indication of the
dependency of the rate of corrosion on the position of the
panel 1n the box relative to the principal direction of
flow of fog. Panels with their principal surface exposed
to the horizontal as well as vertical impingement of salt
fog particles are subject to greater corrosion than those
wvhose principal surface is shielded from the horizontal
component.

Conclusions

These data constitute a measure of the dependency
of the rate of corrosion on the angle of exposure and its
relat lonship to the direction of the principal flow of fog
in the test cabinet. They show the importance of proper
consideration of the angle of exposure in salt spray testing.
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TEST NMBER 29

CORROSTON RATES AT 95° F., 207 SDTUM CHLORTDE, pH 7.0

VARTABLE - Angle of Exposure

ANGLE OF EXPOSURE

00
1o:
20
(-]
307

120°
130°
140°
150°
160°
170°
180°
190°
200°
210°
220°
280°
240°
2500
260°
270°
280°
28%°
290°
$00°
3102
320

$30°
340°
350°

Solutim Composition
Dry 3ulb Temp.(° F,)
Yot Buld Tempe(® P.)
Relative Huridisy
Particle Size
(n'crons)

Rate of Setiling
(mn./sec.)

Alr Prnls!ro

(158 ./in- )

Room Tomp.(° ?.)
Rate of Flow

(f%.° /nin.)

MATERTAL = Steel

CONDITIONS OF TFST

20% NaC)
956

98°
100%

5

‘4 x 10~8

+48

VY

LENCTH JF TEST - 24 lours

WEIGHT LOSS egrams

-00171
-,2398
’00367
--0448
"n0443
~.0438
-.,0476
-.0513
-, 0462
-.0857
.0084
.0138
02035
« 164
.0107
0184
w134
016/
«02%8
<0048
.mgg
.0188
0116
0152
+0241
«0167
«0132
.0161
lol“,
« 238
=~,0267
-,0267
-,0307
'00301
‘00361
-503 7,
-0477
-.0346
~-.0289

pH of Solusion
pH of Pog
Rate of ¥o
COIIootlon%-ls./kr.)
Impurities in Sals
Solusion

1. Aasay

2 Brand I

3. deavy iletals
Specifio (irevlty
of 3olutiun
Volume of S>lusion
in keservolr
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Te3T NO. 21

Ob ject

The object of this test is to determmine the ef-
fect of a substantial reduction of the -surface tension of
the test sclution on the rate of corrosion in the salt
spray metnod of accelerated corrosion testing.

Summarx

A test has been conducted at 95°F, using a 20%
sodium chlorides solutlion, pH 7.0, for a perlod of 150 :ours
in the salt spray test cabinet. The surface tenslon of the
solution used to generate tne fog was reduced to approxi-

mately half its usual value by the additlon of an organic
wetting agent.

Introduction

The surface tenslon of a liquid 18 3 measure of
its coheslve nature. ULiqulids with high surface tensions
tend to form droplets on a surface rather than an evenly
distributed film as liquids of lower surface tenslon would.
The surface tension of the salt spray test solutlon, there-
fore, 1s of primary importance in determining the "wettability'
of the solutlon and should directly affect the rate of cor=
roslon. The rosults of this test will be compared with those

of Tests No. 7 and No. 19 to detarmine the effect of surface
tension on the ra:e of corrosion.

Procedure

A procedure similar to that outlined in Tesat No. 7
was followed. The test was run for a period of 150 hours at
95°F, using a 20% sodium c¢:lorlde solution, pH 7.0. The sur-
face tension was lowered from a normal value of 64 dynes per
ceutimeter to 37 dynes per centimeter by the addition of e
water solution of Aerosol OT wetting agent (mmnufactured by
American Cyanamlid Corp.) Surface tensions were measured
with a stalagmometer at 25°C, A summary of the operating
conditions, cumulative welght losses and panel ratings appears
in Appendix A whille & plot of the cumuilative welight losses
for the steel, brass, zinc and cadmium panels comprises
Appendix B.

Discussion

The steel panels lost weight at & reasonably
steady rate and the weight losses showed their usual dependency
on a position in the box.




The brass panels, after initial losses, galned
welght steadily as has bee¢n prevlously experlienced.

The zinc panels showed unusually high welight
losses, whlle the cadmium panels loat welght at a steady
rate in a closely grouped pattern. .

The pentrated steel panels all falled before
1 hour's exposure, three falling before 1/2 hour.

The aluminum panels anodized by the chromic acld
process showed a definlte superiority nver tiose prepared
by the sulphuric acid process. The sulphurie¢ acid panels
all falled before 24 hours, while at the end of 66 hours,
none of the chromic acld panels s:nowed slijns of attack.

The nickel plated steel panels all falled before
5 hours, one panel failin: at the end of 1-1/2 hours.
The phosphated steel panels all falled before 1-1/2 hours
exposure. :

Coneclusions

These data constitute a measure of the corrosion
rate, using a test solution of lowered surface tension and
will be compared with the r:sults from Tests No. 7 and No.
1¢ to evaluate its effect on the various types of vanels
used in this serles of tests.
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IEST NO. 22

Ob ject

The object of this touat 1s to determine the
corrosive effects of a marine atmosphere on the various
types of test panels used in the salt spray investiga-
tion. )

Summarz

An sutdoor test has been conducted at Westbrook,
Connecticut on the stesl, brass, zinc, cadmium, pentrated,
steel, anodized alumlnum, nickel plated steel and phosphated
ates]l panels used in the foregoing series of salt spray
tests. This test in a marine atmoasphere will be used in
comparlson with exposure tests made in an industrial at-
mosphere as well as salt),spray and humldity tests.

Introduction

A frequent and possibly well grounded criticism
of the salt spray test is that it does not duplicate actual
condi tions of exposure in service. Furthermore, it has been
stated that comparisons between salt spray r-sults and
marine oxposure tests show less correlation than with re-
sults of exposure tests made In non-marine atmospheres.

The type of corrosion 1as said to be different in each case
as evidenced by a different character of products obtained
in the corrcsion of nickel plated steel panels., This test,
therefore, 1s an attempt to messure the possible sagree-
ments and disagreements between salt spray and marine ex-
posure tests.

Procedure

A full set of thirty-six panels, four each of the
nine different types, were cleaned and prepared according
to methods described in Test No. 7. A special rack was
constructed so as to incline the panels at an angle of 30°
from the vertical. The panels were supported on both top
and bottom by slotted racks which were securely fastened
to prevent removal by suddsn gusts of wind. The whole
assembly was secured to the roof by sandbags. The panels
were 80 situated that their ma jor surface was parallel to
the shore and exposed in a general southerly direction.
This test was conducted at Westbrook, Connecticut and the
panels were approximately 150 feet from high water.

A summary of observations and times of exposure
are snown 1n Aporendix A.




The steel, brass, zinc and cadmiwa panels were
cleancd acctording to the usual msthods after 1,032 hours
exposure and rewslghed. The weight loases computed also
appear in Appendix A,

Discussion

The observations macde at the various times
throughout the test are self-explanatory. It is interest-
ing to note, howsver, the somewhat apparent superiority
of the anodized aluminum panels over thoae prepared by the
sulphuric acid process.

J

The total weight losses after 1,032 hours ex-
posure for the cadmium panels are of the same order as
those obtalned in the flrast 24 hours of salt spray exposure.
This would indicate the inertness and tenaciousness of the
protective oxlide fillm that forms.

The ver; slight welght changes of the brass
panels also snow the protective nature of the initial
corrosion products.

Conclusions .

These data are a measure of the corrosive ef-
fects of a marine atmosphere, and will be ussed in comparison
with outdoor exposure tests in an industrial atmosphere
and salt spray tests to determine any posslble correlation
between the three.
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TEST NO. 23

Object

The ob ject of this test is to determine the cor-
i rosive effect of an industrial atmosphers on the various

* types of panels used in this series of teats and to corre-
late, if possible, the results obtained with those from
salt spray, humidity and marine exposure peata.

_Summa ry

4’ A test has been conducted for a period of 1,180
DY hours on the roof of the Henry Souther Engineering Co., on
‘ the steel, brass, ginc, cadmium, ensmeled steel, anodized
aluminum, nickel plated steel and phosphated steel panels
used in tnls serles of tests. Perlodle observations were
made snd weight losses for the steal, brass, zinc and
cadmium panels computed.

Introduction

Outdoor exposure testa have snown wide variance
when compared with th: results of salt spray teats on
similar materials. For the purpose of comparison with re-
sults of other types of corrosion tests, thlas test is an
attempt to measure the corrosive effects of an industrial
atmosphere.

Procedure

R e

The thirty-six panels used in the forsgoing
serles of teats were prepared and cleaned according to
methods outlined in Test No. 7. They were placed in a
specially constructed rack and securely held at both top
and bottom by ad justable nalls. The panels were inclined
at an angle of 30° from the vertical and the principal
1' surface of the panel was directed toward the south. The
' whole assembly was held on the roof by sand bags. The
" test rack was located about 50 feet from an exhaust hood
: which discharges a variety of fumos, many of an acldic
: : nature. The test was run for a p'riod of 1,190 hours.
‘ Observations made during this time appsar ln Apprendix A
as woell as the weight lossea of the steel, brass, zinc
and cadmlum panels, determined at the end of the test.

I N ) Discussion

- The periodic observations of the panels are self-
explanatory. The samse standards of fallure were used aa
in the salt spray teats.




The chromio acid anodized aluminum panels showed

a definite superiority over those prepared by the sulphuric
acld process.

The greater weight losses experienced for the
steel, brass, zinc¢ and cadmium panels when compared with
the results obtained from the marine exposure test could be

due to the corrosive nature of the fumes from the adjacent
exhaust fan.

Conclusions

The results obtained in this te=st will be used as
a4 measure of the corrosiveness of an industrial atmosphere
for the purpose of comparison with results obtained from
other types of corrosion tests herein described.
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TEST NO. 24

Object

The object of this test is to determine the
effects of humidity cabinet exposure on the steel, brass,
zinc, cadmium, pentrated steel, anodized aluminum,
nickel plated steel and phosphated steel panels used in
the foregoing series of salt spray and outdoor exposure
tests.

Summa ry

A test has been conducted in the humidity
cabinet for a period of 976 hours at 100°F and a relative
humidity of 95%. Weight losses were measured and panels
rated according to the same system as used in the salt
apray tests.

Introduction

Humidity cablnet exposure tests would be a
possible substitution for salt spray as a method of
accelerated corrosion testing. The effect of a humid
atmosphere on the various types of panels used in this
series of tests should be determined in order that possible
comparisons might be made between this method and aalt
spray and outdoor exposure tests,

Procedurs

The thirty-six panels used in this series of
tests were prepared according to methods outlined in
Test No. 7. Detalls of construction of the humidity
cabinet appear in Phase II of this roport. A speclal
wood rack was constructed to support the individual panel
holders. The panels were placed in the box in a random
distribution as shown in Appendix A. The temperature was
maintained at 10°°F and the relative humidity ad justed %o
a minimum value of 95%., The test was conducted for a
period of 976 hours during which time dally observatlons
wore made and welght losses determined. A summary of
these observations and weight losses for the steel, brass,
zinoc and cadmium appears in Appendix B, while a plot of
thess weight losses comprises Appendix C.

Discussion

The steel panels lost weight in a rather ir-
regular pattern although the overall picture is one of
a steady welight loss. Corrosion products obtained were
of the same character aa those in outdoor exposure tests
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or those experienced on the underside of panels in salt
spray testsj} that 1s, the products were dark, fine-grained
and difficult to remove by scrubbing.

The brass panels gained weight in a highly ir-
regular day to day variation. The general tendency was
an approach to a oconstant value in excess of the original
welght.

The zinc panels gained weight ateadily and in a
fairly closely grouped pattern. The tendency again was to
approach a steady value that ia8 in excess of the original
weight.

The cadnium panels showed the largest weight
losses which was probably due to the fact that this was the
only series of panels 1n which complete removal of the
corrosion products could be accomplished (1.e. oyanide
cleaning).

: The pentrated steel panels all failed before
24 hours qxposure.

The sulphuric acid anodiged aluminum panels
proved superior to those prepared by the chromioc acid
process. The sulphuric acid panels snowed no signs of
failure at the end of the test (9768 hours), while three of
the chromic acid anodized panels failed after 576 hours
exposurs.

The nickel plated steel panels all failed before
72 hours exposure as did the phosphated steel panels.

Conclusions

These data constitute a measure of the corrosive
effects of a humid atmosphere on the test panels under
observation and will be used in comparison with the re-
sults from salt spray and outdoor exposure teats to
evaluate the effectivensss of humidity cabinet exposure
as a method of accelerated corrosion testing.
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